Abstract: We extract |V cb | from the available data in the decay B → D ( * ) ν . Our analysis uses the q 2 (w) binned differential decay rates in different subsamples of B → D ν ( = e, µ), while for the decay B → D * ν , the unfolded binned differential decay rates of four kinematic variables including the q 2 bins have been used. In the CLN and BGL parameterizations of the form factors, the combined fit to all the available data along with their correlations yields |V cb | = (39.77 ± 0.89) × 10 −3 and (40.90 ± 0.94) × 10 −3 respectively. In these fits, we have used the inputs from lattice and light cone sum rule (LCSR) along with the data. Using our fit results and the HQET relations (with the known corrections included) amongst the form factors, and parameterizing the unknown higher order corrections (in the ratios of HQET form factors) with a conservative estimate of the normalizing parameters, we obtain R(D * ) = 0.259±0.006 (CLN) and R(D * ) = 0.257±0.005 (BGL).
Introduction
One of the primary goals of the study of B meson decays and mixing is to construct the unitarity triangle (UT). In this regard, the CKM elements V ub and V cb play an important role. Hence, precise measurements of these elements are of utmost importance.
The tree level semileptonic decays b → c ν ( = e, µ) are crucial for the determination of |V cb |. It can be extracted from both exclusive decays, like B → D ( * ) ν, and inclusive decays, like B → X c ν . The inclusive channels are relatively clean, and the decay rates have a solid description via operator product expansion (OPE) or heavy quark expansion (HQE) [1] . The exclusive semileptonic decays have similar solid descriptions in terms of heavy quark effective theory (HQET) [2] . Contrary to the inclusive decays, the non-perturbative unknowns in the exclusive decays can not be extracted experimentally. One needs to calculate them and that is where the major challenges lie. At the moment, the most precise determinations of |V cb | from inclusive [3] and exclusive decays [4] differ from each other at ≈ 3σ confidence level (CL). Recently it has been shown that the Caprini-Lellouch-Neubert (CLN) [5] and Boyd-Grinstein-Lebed (BGL) [6] parameterizations lead to different results for the exclusive determinations of |V cb | [7] . In their analysis they have used up-to-date lattice calculations of the form factors along with the available experimental results from Belle [8] .
Form factors, fitted from the decays B → D ( * ) ν, play a crucial role in the Standard Model (SM) predictions of R(D ( * ) ) = Br(B → D ( * ) τ ν τ )/Br(B → D ( * ) ν). In the decays B → D ( * ) τ ν τ , there are additional form factors that can not be extracted directly from the available data on B → D ( * ) ν. Therefore, one needs to rely on various theory inputs, the HQET relations between the form factors in particular. The SM predictions of R(D ( * ) ) using the CLN parametrization of the form factors and the inputs from lattice and HQET are given by [9, 10] R(D) = 0.300 ± 0.008, R(D * ) = 0.252 ± 0.003.
Recently, the SM prediction of R(D) has been updated [11] using the lattice input on the form factors in B → D ν beyond the zero recoil [12, 13] . The updated value is R(D) = 0.299 ± 0.003 [11] , which is the most precise estimate so far. Also, R(D * ) and |V cb | have been updated from a combined fit to the B → D ( * ) ν differential rates and angular distributions, including O(Λ QCD /m b,c , α s ) terms in HQET form factors [14] . They have obtained |V cb | = (39.3 ± 1.0) × 10 −3 , R(D * ) = 0.257 ± 0.003 (1.2) using the lattice results on the form factors and the QCD sum rule (QCDSR) predictions [15, 16] for the HQET parameter as inputs in their analysis. The ratio of the form factors R 0 (w) [5, 10] , where w is the recoil angle between B and D * , and its value at zero recoil, R 0 (1), play a crucial role in the determination of R(D * ). The estimate of R 0 (1) depends on the HQET parameter η(1), for which the QCDSR prediction is available [14] . However, it is also possible to fit it directly from the available experimental data and the lattice inputs.
As an example, we can see the Table- II of ref. [14] , and note that the fit results for η(1) (with lattice as input) deviates from that predicted in QCDSR by more than 1σ. Also, the ratio of the form factors in B → D ( * ) ν differ from that predicted by lattice [11, 17] . Therefore, the legitimate query is whether this is due to the missing pieces in the HQET relations between the form factors (i.e. corrections at order α 2 s and Λ 2 QCD /m 2 b,c ). In this article, we have extracted |V cb | independently from the fits to the available data on the differential rates and angular distributions in B → D ν and B → D * ν , using the CLN and BGL parameterization of the form factors. We have then performed a combined analysis of the complete data set in both the parameterizations of the form factors and extracted |V cb |, R(D) and R(D * ). In this analysis, along with the experimental data, we use the lattice predictions for the form factors as inputs [12, 13] .
As mentioned earlier, we have an additional form factor in R(D * ), that cannot be constrained from experimental data alone and we need additional theory inputs. In order to predict R(D * ), we define the HQET relations between the form factors with the known corrections [5, 14] , which are represented in terms of the sub-leading Isgur-Wise functions. We constrain those functions (HQET parameters) from a fit to the ratios of the form factors used in our analysis, and the synthetic data for these ratios are obtained using directly our fit results or from lattice and light cone sum rule (LCSR). We repeat the analysis by considering additional parameters (∆) parameterizing the missing higher order corrections in the ratios of the HQET form factors, and have made a rough estimate of the probable size of these ∆s in different ways with the available resources. We have considered the additional errors conservatively while predicting the SM value of R(D * ). 
Inputs
For B → D ν data, we depend on the latest fully reconstructed measurement from Belle [18] , but instead of the combined result of 10 w bins (in table II of that paper), we use the full dataset including all the four subsamples B + →D 0 e + ν e , B + →D 0 µ + ν µ , B 0 → D − e + ν e , and B 0 → D − µ + ν µ , with 40 data-points, along with their statistical and systematic uncertainties and the full systematic correlation matrix. These are available in [20] . We also use the values of the form factors f + and f 0 at w values 1, 1.08, and 1.16 with the full covariance matrix supplied by MILC [12] . On the other hand, the HPQCD collaboration uses BCL parametrization to present their results. While using the HPQCD results [13] , we recognize (following the observation made by ref. [11] ) that their simulations extend to a maximal value of z = 0.013 (w ≈ 1.11), and thus use synthetic data for f +,0 at w = 1.00, 1.06, and 1.12. These are listed in table 1, with their uncertainties and correlation matrix. Belle, however, has used the same w points as MILC to calculate HPQCD synthetic data in their analysis. We will explicitly mention our inputs whenever we are using them.
1.0541(83) HPQCD [13] 1.035(40) HQE(BPS Expansion) [21] 1.04(2) Table 2 : Different values of G(1) used in B → D ν fits.
In addition to using the dispersions relations, CLN parametrization [5] uses Heavy Quark Effective Theory (HQET) to strengthen the unitarity bounds and as a consequence this establishes approximate relations between the slope and the higher power coefficients of the form factors (valid within ≈ 2%). Other than |V cb |, only two parameters parametrize the form factors under this scenario: ρ 2 D and G(1). The form factor normalization G(1) is predicted by both HPQCD and Fermilab/MILC. There is one HQE result based on Bogomol'nyi-Prasad-Sommerfield (BPS) symmetry (partially) [21] as well. These are listed in table 2 and G(1) is used as a nuisance parameter in some of our fits.
In our analysis, for the B → D * ν data, we mainly depend on the unfolded binned differential decay rates by Belle. For four kinematic variables w, cos θ v , cos θ l and χ, with 10 bins each, this amounts to a total of 40 data points, their uncertainties and the full correlation matrix [8] . Other than these, we make use of the zero-recoil value of the form factor h A 1 (w) from unquenched Fermilab/MILC lattice data [22] :
In addition to these, we have used, in few cases, the inputs from light cone sum rule (LCSR) [23] : 2) and the following inputs throughout our analysis: Result of the fit to the experimental data in B → D ν using only G(1) (first two rows), and using f + (w) (w = 1 and w = 1) from lattice (MILC and HPQCD listed in table 1) with the CLN parametrization of the form factors.
CLN parameterization : Fit results

Constraints
|V cb | χ 2 min /d.o.f p-value R(D) (×10 3 )(%)
Fit from B → D ν data
As shown in We wanted to use the full correlation in the data. The fact that our results match with Belle for all sub-samples separately up to the second decimal place, while the full fit very slightly differs from the averaged result, makes the importance of considering the correlations even more pertinent. Using G(1) from HPQCD and MILC with or without the constraint from BPS gives us our obtained result, given in bold-faced font. For a comparison, in the third row of table 3, we quote the experimental results too. The experimental analysis fits the quantity η EW G(1)|V cb | and then uses the MILC value of G(1) and the electroweak correction factor η EW = 1.0066 to calculate |V cb |. We note a little increase in the central values of our estimates of |V cb | with respect to that of Belle, however, the percentage error in the estimate does not change. Also, as we have fitted G(1) separately under the abovementioned constraints, it has a non-zero correlation with |V cb |. With the increased number of data points, we obtain a better fit than [18] , as can be seen from the p-values. The extracted values of R(D) are also consistent with that extracted in [18] .
The last row of the same table represents the results obtained from a fit to the available experimental data along with the lattice inputs on f + (w) (table 1). We note that the central value of the fitted V cb is increased by ≈ 2% while the percentage error has reduced from 3.3% to 2.8%. Also, now we can compare the predicted values of R(D), which are obtained from the fit with and without the lattice inputs on f + (w). The central value of the predicted R(D) has increased due to the use of f + (w), and there is a considerable reduction in the percentage error of the estimate. Our result is in agreement with the prediction of the earlier analysis [11] . In our fit, we do not include the inputs on f 0 (w) from lattice, inclusion of which makes the fit worse (with a p-value < 1%). However, the fit is not that bad (pvalue ≈ 55%) if we drop all the available inputs from MILC and just use the inputs from HPQCD along with the experimantal data.
Fit from
For the decay B → D * ν , details of the parametrization of the form factors can be seen in refs. [5, 10] . In addition to |V cb |, there are 4 other parameters to fit in this case, of which h A 1 (1) is put into the fit as a nuisance parameter with input from eq. (2.1). Fit results are listed in table 4. |V cb | obtained from this fit has slightly larger uncertainty than that has been obtained from the B → D ν fit, although there is a small decrease in the central value. The overall multiplicative parameter here is h A 1 (1)|V cb |, so h A 1 (1) has a correlation with |V cb | in our fit. Our fit values agree with those obtained in earlier analyses [7, 8] , and 4 . We note that although there are no considerable changes in the fitted values of |V cb |, the error in the extracted value of R 1 (1) has reduced from 6.5% to 3%. The uncertainties in all the other fit parameters have reduced (though not considerably).
The calculation of R(D) in CLN parametrization is straightforward. However, as mentioned earlier, calculation of R(D * ) depends on an additional form factor ratio R 0 (w) and its value calculated at zero-recoil, which can not be fitted from B → D * ν . The form
Cases
Inputs for the fits case-1 factor ratios R i (w)s are expressed as the ratios of the HQET form factors [5, 14] h i s, like
where
The h i s, and hence the form factor ratios include the corrections at order α s and Λ QCD /m b,c . They are expressed in terms of a few sub-leading Isgur-Wise functions (HQET parameters), like η(1), η (1), χ 2 (1), χ 2 (1), and χ 3 (1). We note that both R 2 (w) and R 0 (w) are sensitive to the ratios h A 3 /h A 1 and h A 2 /h A 1 . In the HQET, the R 1 (1), R 2 (1) and R 0 (1) are obtained from eq. 3.1 by taking the limit w → 1, and all of them are functions of the above mentioned HQET parameters. Hence, the R 0 (1) can be estimated only after the extractions of these HQET parameters. Also, the form factor ratios f + (w)/f 0 (w) can be expressed in terms of the ratios of the HQET form factors, like
The HQET form factors h + and h − are also known at order α s and Λ QCD /m b,c , and can be expressed in terms of the above mentioned five HQET parameters.
In the CLN parameterization of the form factors, we have expressed R i (w) as given in eq. (B7) of ref. [10] and fit R 2 (1) and R 1 (1) from the available data. Using these fit results and the inputs from lattice, we then estimate R 0 (1) after extracting the HQET parameters for the cases mentioned in table 6. The predictions of R(D * ) in both the cases are shown in table 4. 
Though these ∆s could be w dependent in general, for values of w very close to 1, these dependencies can be neglected. Thus we assume these ∆s to be w independent for simplicity. Following the above-mentioned methods, we then fit these additional parameters along with the HQET sub-leading Isgur-Wise functions using all the available datasets as mentioned in table 6, with a goal to find out the size of these newly introduced parameters. In our analysis, ∆s are treated as normally distributed nuisance parameters with ∆ = 1.0 ± 0.2, i.e. we have allowed these missing corrections to vary at most by 20%. Table 7 (3rd and 5th column) shows the fit results of the HQET parameters and the ∆s with the corresponding 1σ errors, for the scenarios listed in table 6 . We note that ∆ ∓ and ∆ 21 could be as large as 20%, while ∆ v and ∆ 31 are < 15%. The set of parameter values thus obtained is used to estimate the best-fit values and uncertainties in R 1 (1) and R 2 (1). In figure 1, these fitted results for R 1(2) (1) are compared with those obtained previously from the CLN fit and with the QCDSR predictions. Our CLN fit results of R 1 (1) and R 2 (1) have large uncertainties, and are marginally consistent with the QCDSR predictions, whereas those obtained using our fit results for the HQET parameters without ∆s (i.e. cases 1 and 2 of 7) have small errors (shown as solid black bars) and lie in between the CLN fit results and QCDSR predictions. In the same plot, the solid red bars represent the best fit values and the error bars of R 1 (1) and R 2 (1), which are obtained using the parameter values of the ∆ v , ∆ 21 , and ∆ 31 and the other HQET parameters as given in table 7. With these sets of parameters, we can now fully reproduce the CLN fit results, and hence, will be marginally consistent with the QCDSR predictions. However, if we take ∆ v = 1 ± 0.1, ∆ 21 = 1 ± 0.2, and ∆ 31 = 1 ± 0.2 (conservative estimates 2 ) then we can fully reproduce the CLN fit results, as well as the QCDSR predictions; the results are shown as dot-dashed red bars in figure 1. Using the results given in table 7, we estimate R 0 (1) for the above mentioned different cases. With these R 0 (1)s and the CLN fit results given in table 5, we obtain R(D * ) which are presented in table 8. The errors in the estimated R(D * ) have increased from 1.16% to 2.32% due to introduction of an additional error of about 20% in the HQET form factor ratios. Table 9 : The fit results obtained from the analysis of the decay B → D ν with the BGL parameterization of the form factors for N = 2.
BGL parametrization
The BGL parameterization of the form factors rely on a Taylor series expansion about z = 0. The key ingredient in this approach is the transformation that maps the complex q 2 3 plane onto the unit disc |z| ≤ 1. The most general form of the expansion of the form factors is given as [6] 
2 Here, we have used the maximum attainable values of the ∆s, which are allowed by the data. From the fit, the allowed values of ∆31 is < 15%, however, for the conservative estimates we have allowed it to be as large as 20%. 
Here,
, associated with the decays B → D, and those associated with B → D * are given by F 1 (z), f (z), g(z) and F 2 (z) respectively. The coefficients a F i n follow weak as well as strong unitarity constraints [6] . However, along the lines of ref.s [6, 7, 11] , we have used the weak unitarity constraints for the coefficients a
n , and considered the form factors with N = 2 in our analysis. The weighting functions φ i (z) contain the Jacobian of the variable transformation and the physics of the perturbative QCD (PQCD). It is also analytic on the unit disc. The mathematical forms of these φ i 's, corresponding to various spin states, can be seen from [6] . Another important ingredient in this form of parameterization is the Blaschke factor, which is defined as
Here, z = z p represents the location of a pole i.e B c narrow resonance. The P (z) is analytic on the unit disc for |z p | ≤ 1. In general, the form factors F i (q 2 ) have poles, and the Blaschke factor is useful to eliminate those poles of F i 's at z = z p , such that P i F i is analytic on the unit disc |z| ≤ 1. In our analysis, the various inputs relevant to the BGL parameterization of the form factors associated with the decays B → D ν and B → D * ν ( = µ and e) are taken from the references [6, 7, 11] . The fit results are shown in Tables 9 and 10 respectively. The results of the combined analysis of data in B → D ( * ) ν are shown in Table 11 . In the combined analysis, we use the following weak unitarity constraints:
We note that the uncertainties of the extracted |V cb | have reduced to ≈ 2%. This is the most precise estimate obtained so far from a combined analysis. In addition, we observe that the central values of the |V cb | obtained from BGL analysis is increased by approximately 3.5% for combined fit without LCSR and 3% for combined fit with LCSR than those obtained using the CLN parameterizations for the form factors.
Predictions for R(D ( * ) )
As mentioned earlier, the decay B → D * τ ν τ is sensitive to an additional form factor [6] 
and
Here, n I represents the number of light valence quarks or the effective iso-spin factor, as given in [11] . We use n I = 2.6. The functionsχ 0 − are defined as [5] 
where χ 0 − (0) are the perturbatively calculable functions and associated with the oncesubtracted QCD dispersion relation ( for details see [6] ). The second term represents the contribution to the dispersion relations from the 0 − B c -type resonances below the BD * type pair production. The decay widths and masses of those resonances are given by f n and M n respectively, and their respective values are given in Table 12 . Expressions of χ 0 − (0) include the corrections at order α s . We obtain χ 0 − = (1.807 ± 0.009) × 10 −2 using the inputs given in eq. 2.3. However, incorporating the corrections of order α 2 s , one will obtain χ 0 − = 1.942 × 10 −2 [19] . In eq. 4.7, the unknowns are the various coefficients a F 2 n . For N = 2 these are, respectively, a 2 . Hence, in order to predict R(D * ) one needs to extract these coefficients, and HQET relations between the form factors are very useful in this regard. In order to extract these coefficients, we use the following equations
Here, F i (w)'s can be anyone of f + (w), f 0 (w), F 1 (w) and f (w). As mentioned earlier, the HQET form factors at order α s and Λ QCD /m b,c are given in terms of the five HQET parameters (for details see [14] ). For the known values of these parameters, the r.h.s of eq. 4.11 are different numbers for different values of w (≥ 1), since F i (w) are known, either from our fits or from the lattice. Hence, we can create synthetic data points for F 2 (w) for different values of w. In the HQET, the form factor ratios F 1 (w)/f (w) and F 2 (w)/f (w) are given by
(4.12)
We can also define factor ratios, which can also be used in the extractions of R(D * ) are given by
.
(4.14)
Apart from h A 2 /h A 1 and h A 3 /h A 1 , these ratios are sensitive to h − /h + and h + /h A 1 . Using the fit results given in table 11, we generate the synthetic data points for the ratios F 1 (w)/f (w) and f + (w)/f 0 (w), for different values of w(≥ 1). We first fit the subleading Isgur-Wise functions using those synthetic data points. In the analysis, the different benchmark cases are defined in table 13 and the respective fit results are shown in table 14. The lattice inputs are playing the major role in all the fits, and all the fits are good with physically plausible values for the HQET parameters. We note here that in general, the ratios of the form factors are more sensitive to η(1) than the other HQET parameters. The values of the HQET parameters predicted in QCDSR have large errors ( > ∼ 30%). For all of our intents and purposes, while taking the range of these parameters seriously, we do not regard their central values with similar import. Therefore, we had initially tried to fit all the HQET parameters from the data and lattice. In general, the fits were not good, and on top of that the error values of the parameters χ 2 (1), χ 2 (1) and χ 3 (1) were very large, in some cases, the errors were almost eight times the corresponding best fit values. Also, the best fit values of these parameters were almost > ∼ 3σ away than the respective QCDSR predictions. In all those fits, the parameter η(1) had small errors. However, η (1) had large errors but it was in accordance with the QCDSR prediction.
Thus, in order to get a good fit of the data with reasonable and conservative uncertainties in the extracted parameters, we have considered χ 2 (1), χ 2 (1) and χ 3 (1) as nuisance parameters, but varied them as gaussians in a broader range of three times the uncertainties associated with QCDSR predictions [14] [15] [16] , which means our inputs for the fits are The corresponding results are given in table 14. For completeness, we have also provided the set of results with the parameters varied as a nuisance gaussian over their predicted QCDSR range, in table 15. The relaxed ranges of χ 2 (1), χ 2 (1) and χ 3 (1) of the former fit normally produces larger uncertainties on the fitted parameters (table 14) . This, while having virtually no effect on the R(D * ) calculation (this fact can be checked by comparing tables 16 and 17 ), increases the quality of the fits somewhat and we have used them in our analysis. In the upper half panel of the figure 2, various fit results of F 1 /f (1σ bars) as well as the predictions from QCDSR for different values of w are compared. The BGL fit results (table 11) have large uncertainties, while uncertainties obtained using the fitted HQET parameters (cases 3 and 4 from table 14) are very small. As can be understood from the lower-half panel of figure 2 , the tight constraints on the HQET parameters are mainly coming from the lattice results, in particular from the MILC collaboration, on f + (w)/f 0 (w).
Apart from the high w values, the BGL fit results of F 1 /f are fully consistent with that of QCDSR predictions. However, the same ratios obtained using the HQET fit parameters are marginally consistent with the QCDSR predictions.
We define a few more cases in addition to those given in table 13 where we have introduced additional parameters ∆ ∓ , ∆ 31 , ∆ 21 , and ∆ v as before. Note that we have not used g(w) in the extraction of HQET parameters, as the uncertainties in the fitted values of g(w) are large compared to other form factors. However, the parameter ∆ v will appear in the calculation while using R 1 (w max ) as input. In order to fit these ∆s along with the HQET parameters, we have to use synthetic data points on these form factors ratios. The fit results are shown in table 14, and the allowed values of the ∆s are same as those obtained previously in the analysis of the CLN fit results along with the lattice (table 7) . Upon incorporating these results in eqs. 4.12, we get the estimates of the probable size of the additional errors in F 1 /f , F 2 /f and F 2 /F 1 . For the ratios F 2 (w)/f +/0 (w), we need to know the probable size of the additional error in h + /h A 1 , which can be obtained from a comparison of lattice result of f 0 (1)/f (1) with that obtained from the HQET fit results or QCDSR. We find it to be approximately 10%, and assume it to be same for all other values of w. We propagate all these errors and estimate the overall size of the ∆ in F 2 (w)/f +/0 (w). In order to be conservative in further analysis, we choose ∆ 31 = 1 ± 0.2 and ∆ 21 = 1 ± 0.2, and reproduce the ratios F 1 (w)/f (w) which are shown in the upper pannel of figure 2 by the dot-dashed red bars. As expected, we can now fully reproduce the QCDSR results and most parts of the BGL fit results.
After the extraction of the HQET parameters, we use eq. 4.11 to generate synthetic data points for F 2 (w) for different values of w (≥ 1). In order to generate these synthetic data points one needs to find out F 2 (w)/F i (w) for different values of w. As mentioned earlier, F i (w) could be anyone of f (w), F 1 (w), and f +/0 (w). The ratios (F 2 (w)/f (w)) and (F 2 (w)/F 1 (w)) are less sensitive to the HQET parameters as compared to (F 2 (w)/f +/0 (w)). Therefore, for case 3 (table 13), we have replaced F i (w) in eq. 4.11 by both f (w) and F 1 (w) and created the above mentioned synthetic data points for F 2 (w). In case 4, the synthetic data points for F 2 (w) have been generated following the similar methods as are used in case 3. For completeness, we have replaced F i (w) by f + (w) and f 0 (w) for creating the synthetic data points in case 5, and the similar normalizations are used in case 6. These synthetic data points for F 2 (w) are used in eq. 4.7 to extract the coefficients a F 2 n ( n = 0, 1, 2 ). Once the synthetic data points are generated, in all the cases, the coefficient a 
F i (w) in eq. 4.11 : F i (w) in eq. 4.11 : 1 is fixed using eq. 4.19. The additional error (∆) in the ratio h + /h A 1 (eq. 4.14) are considered as 1 ± 0.1 (for detail, see the text). Also, wherever applicable, the ∆ 31 , ∆ 21 and ∆ ∓ , they all are taken as 1 ± 0.2. The details of the choices of F i (w) in different cases can be seen from the text.
F i (w) in eq. 4.11 :
F i (w) in eq. 4.11 : 17 are obtained by the use of the following synthetic data points (eq. 4.11 for w = 1) 4 :
for cases 3 and 4,
HQET f + (1) for cases 5 and 6 (4.16) 4 We have checked that if we instead use Fi(1) = F1(1) (in cases 3 and 4), the value of F2(1) (and hence a F 2 0 ) remains exactly the same as that obatained with Fi(1) = f (1). This is because both of F1(1) and f (1) are independent of HQET parameters and, in our BGL fits, we used the relation F1(1) = (mB − mD * )f (1). While using Fi(1) = f0(1) (in cases 5 and 6), the values of F2(1) and a had changed only slightly (unchanged at the precision we are quoting our results) with respect to the scenario Fi(1) = f+(1).
In order to extract the other two coefficients, we have to use eq. 4.7 for values of w other than 1, and the unitarity constraint (a
Naturally, the extracted values of a 2 will be sensitive to the other HQET parameters along with η(1). However, in order to reduce the impact of the HQET parameters on the final results, we use the QCD relation between the form factors:
The coefficients of F 1 (z) are obtained from the BGL fits, and hence one of the coefficients in F 2 (z) can be written in terms of the coefficients of F 1 (z) and the rest of the coefficients in F 2 (z) using the above relation, e.g.,
2 − 17.8312a Still, for completeness, we have extracted this coefficient from eq. 4.7 by a fit using the synthetic data points for F 2 (w) for w = 1.03, 1.06, 1.09 and 1.12. As explained earlier, these F 2 (w) values are obtained using the following relations 5 : and The fitted values of a table 16 and 17. The coefficients obtained in this way, and hence R(D * ), will be mostly sensitive to η(1). Therefore, the final results will be less dependent on the HQET parameters.
We present our final results for R(D ( * ) ) in table 16 . The prediction for R(D) is consistent with the one obtained in an earlier analysis [11] . Our important results are marked in bold. Amongst these, the one obtained in case-4 (with ∆) can be considered as our best result. The reasons are following: 5 We had also done the analysis using one normalization at a time. As for example, in both the cases 3 and 4, we had choosen Fi(w) to be either of f (w) or F1(w). Similarly, for the cases 5 and 6, we had replaced Fi(w) either by f+(w) or f0(w). In the specific cases, we did not get any considerable changes in the predictions of R(D * ) due to the different choices of the normalization of F2(w), also the predictions were in complete agreement with those given in table 16 and 17 which are obtained from the mixed normalizations. However, for completeness, we have presented our results using mixed normalizations, it adds more inputs to the fits.
• In this case, the HQET parameters are fitted with all available inputs.
• R(D * ) has been extracted using the HQET relations F 2 (w)/f (w) and F 2 (w)/F 1 (w), which are less sensitive to the HQET parameters (even η(1)) as compared to the other ratios, like F 2 (w)/f +/0 (w).
We note that across all the cases, the overall uncertainties in predictions of R(D * ) with the known corrections in HQET, are roughly 2%. However, when we incorporate the additional unknown corrections (∆s) conservatively in the HQET form factor ratios (from the fit), the uncertainties in cases 5 and 6 are increased to 3%, while those in cases 3 and 4 remain the same. We have checked that in the cases 5 and 6 (with ∆s), the overall uncertainties in the predictions of R(D * ) are 4% without using the QCD relation between the form factors, while those for the cases 3 and 4 (with ∆s) are roughly 3%. Due to the QCD relation, the errors have reduced by 1% in all these four cases with conservative ∆s, which is due to a negative correlation between a 1 ; for details see eq. 4.19. The increase in errors for the cases 5 and 6 (with ∆s) with respect to the cases 3 and 4 (with ∆s) can be understood in the following way. The form factor ratios used in cases 5 and 6 have additional sources of errors compared to those used in the cases 3 and 4. As can be seen from eqs. 4.12, 4.13 and 4.14, in our analysis, the ratios F 2 (w)/f (w) and F 2 (w)/F 1 (w) are sensitive only to ∆ 21 and ∆ 31 while the ratios F 2 (w)/f +/0 (w) are sensitive to ∆ 21 , ∆ 31 , ∆ ∓ , and the additional unknown corrections associated with the ratio h − /h A 1 . Our predictions for R(D * ) are consistent with the one obtained in [19] .
Summary
In this article, we analyze the decay modes B → D ν and B → D * ν with the complete sets of available data on the angular (wherever applicable) as well w-bins. The CKM element V cb have been extracted from the analysis of the above mentioned decay modes independently, as well as from a combined analysis. We have done the analysis using the CLN and BGL parameterizations of the form factors. Our best results are |V cb | = 39.77 ± 0.89 in the CLN parameterization of the form factors and that in the case of BGL is |V cb | = 40.90 ± 0.94. These are so far the most precise results obtained in the analysis of the exclusive decays. In the combined analysis of the data, our prediction for R(D) in the CLN parameterization of the form factors is given by R(D) = 0.304 ± 0.003, while using BGL parameterization, we obtain R(D) = 0.302 ± 0.003 for N = 2 and R(D) = 0.299 ± 0.004 for N = 3, without using the strong unitarity constraints. These are all consistent with earlier predictions.
Also, we predict R(D * ) with the available known corrections at order O(Λ QCD /m b,c , α s ) in the HQET relations between the form factors, and we obtain R(D * ) = 0.259 ± 0.003 in the CLN parameterization, while that in the BGL parameterization of the form factors is given by R(D * ) = 0.257 ± 0.005. For completeness, we parameterized the unknown corrections in the ratios of the HQET form factors by introducing additional factors (∆s), and fit them from the available data and lattice. After incorporating all the fit results, in the CLN method, we obtain R(D * ) = 0.259 ± 0.006, while in the BGL method, our best result is R(D * ) = 0.257 ± 0.005.
